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Description 

The present invention relates to a process for pre- 
paring an amorphous and micro/mesoporous silica-alu- 
mina gel having a large surface area and a controlled s 
pore size, which is catalytically active in hydrocarbon 
conversion reactions. 

Some silica and alumina gels displaying catalytic 
activity are known in the art. So, e.g., EP-A-160 145 dis- 
closes a process for alkylating aromatic hydrocarbons 10 
using, as the catalyst, a silica/alumina gel of amorphous 
character with a diameter of the pores typically of 50- 
500 Angstroms and with a molar silica: alumina ratio typ- 
ically comprised within the range ofr from 1 :1 to 10:1. 

Furthermore. R.M.S. Malton and J. Davidtz in Jour- is 
nal of Catalysis, ££L 156-166 (1979) disclose a process 
for the synthesis of amorphous silica and alumina cata- 
lysts, with a controlled pore volume. 

Finally, US-A-5,049,536 discloses a microporous, 
x-ray amorphous silica/alumina gel having a surface 20 
area of from 500 to 1000 rrr^/g and a pore volume com- 
prised within the range of from 0.3 to 0.6 cm 3 /g. Such a 
silica and alumina gel, which is catalytically active in 
hydrocarbon preparation reactions, is typically prepared 
by hydrolysing a tetra-alkyl ammonium hydroxide, a 25 
hydrolysable aluminum compound and a hydrolysable 
silicon compound and causing the resulting hydrolysis 
mixture to undergo gelation by operating in an aqueous 
media and at low temperatures, and then submitting the 
resulting gel to drying and firing. 30 

The present Applicant found now, according to the 
present invention, that, in relation with US-A-5,049,036, 
special conditions exist for the hydrolysis of the above 
mentioned reactants and subsequent gelation which 
make it possible a silica-alumina gel to be obtained 35 
which is unexpectedly improved in terms of control of its 
surface characteristics, in particular its porous structure, 
as well as in terms of its catalytic performance, in partic- 
ular its activity and useful life time under use conditions. 

In accordance therewith, the present invention 40 
relates to a process for preparing an amorphous, 
micro/mesoporous silica-alumina gel with controlled 
pore size, having a surface area of at least 500 m 2 /g 
and with a molar ratio of Si0 2 :AI 2 0 3 of at least 30:1 , by 
starting from a tetra-alkyl ammonium hydroxide, an alu- 45 
minum compound capable of yielding AI2O3 by hydroly- 
sis (i.e., hydrolysable to Al 2 0 3 ), and a silicon compound 
capable of yielding S1O2 by hydrolysis (i.e., hydrolysable 
to SiCy, whereby: 

50 

-- said tetra-alkyl ammonium hydroxide is a tetra- 
(C2-C 5 )-alkyl ammonium hydroxide, said hydrolysa- 
ble aluminum compound is an aluminum tri-(C 2 - 
C 4 )-alkoxide and said hydrolysable silicon com- 
pound is a tetra-(C r C 5 )-alkyl orthosilicate. and 55 
said reactants are submitted to hydrolysis and gela- 
tion, by operating at a temperature equal to, or 
higher than, the boiling temperature, under atmos- 



pheric pressure, of any alcohol which are devel- 
oped as a by-product from said hydrolysis reaction, 
without said alcohols being removed, or being sub- 
stantially removed, from the reaction media; and 
- the so produced gel is dried and fired. 

The useful tetra-alkyl ammonium hydroxide for the 
purposes of the present invention is therefore selected 
from tetraethyl-, propyl-, isopropyl-, butyl-, isobutyl-, t- 
butyl-, and pentyl-ammonium hydroxide, and among 
these tetra-propyl-, tetraisopropyl- or tetrabutyl-ammo- 
nium hydroxide are preferred. 

Aluminum trialkoxide is selected from aluminum tri- 
ethoxide, propoxide, isopropoxide, butoxide, isobutox- 
ide and t-butoxide. Among these, aluminum tri- 
propoxide and tri-isopropoxide are preferred. 

Tetra-alkyl orthosilicate is selected from tetra- 
m ethyl-, tetraethyl-, propyl-, isopropyl-, butyl-, isobutyl-, 
t-butyl- and pentyl-orthosilicate and among these, tetra- 
ethyl orthosilicate is preferred. 

The process according to the present invention is 
carried out by first preparing an aqueous solution con- 
taining tetra-alkyl ammonium hydroxide and aluminum 
tri-alkoxide, by operating at a high enough temperature 
is order to secure that the aluminum compound will be 
properly dissolved. To said aqueous solution, tetra-alkyl 
orthosilicate is then added. The resulting mixture is then 
heated up to a suitable temperature for starting the 
hydrolysis reaction. Said temperature is a function of 
the composition of the reaction mixture (comprised 
within the range of from 70 to 100°C). The hydrolysis 
reaction is an exothermic one and therefore once that 
the reaction is started, its self -feeding is secured. The 
amounts of the reactants which constitute the reaction 
mixture should furthermore be such as to comply with 
the molar ratios: Si0 2 :AI 2 0 3 comprised within the range 
of from 30:1 to 500:1, tetra alkyl ammonium hydrox- 
ide:Si0 2 comprised within the range of from 0.05:1 to 
0.2:1 and H 2 0:Si0 2 comprised within the range of from 
5:1 to 40:1. Preferred values for these molar ratios are: 
Si0 2 :AJ 2 03 from 50:1 to 300:1; tetra-alkyl ammonium 
hydroxide:Si0 2 from 0.05:1 to 0.2:1 and H 2 0:Si0 2 from 
10:1 to 25:1. 

As said above, the basic aspect of the process of 
the present invention is that the hydrolysis of the reac- 
tants and their gelation is carried out by operating at a 
temperature equal to, or higher than, the boiling temper- 
ature, under atmospheric pressure, of arty alcohols 
which are developed as a by-product from said hydroly- 
sis reaction, without said alcohols being removed, or 
substantially removed, from the reaction media. There- 
fore, the hydrolysis/gelation temperature results to be 
critical and will be properly kept comprised within the 
range of from about >65°C up to about 1 10°C. Further- 
more, in order to keep any developed alcohols retained 
in the reaction media, the process can be carried out in 
an autoclave under the autogenous system pressure at 
the selected operating temperature (normally of the 
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order of 1 .1-1 .5 abs.bars), or the process can be carried 
out under the atmospheric pressure inside a reactor 
equipped with a reflux condenser. 

According to a particular embodiment of the proc- 
ess, the hydrolysis and gelation are carried out in the s 
presence of a larger alcohol amount than as developed 
as a reaction by-product. For this purpose, a free alco- 
hol, and preferably ethanol, is added to the reaction mix- 
ture up to a maximal value of molar ratio of added 
alcohol:Si0 2 , of 8:1. w 

The necessary time in order to cause the hydrolysis 
and gelation to reach their completion, under the above 
shown conditions, is normally comprised within the 
range of from 1 0 minutes to 3 hours, and preferably is of 
the order of 1 -2 hours. 75 

It was furthermore found useful to submit the result- 
ing gel to ageing, by keeping the hydrolysis/gelation 
mixture in the presence of the alcohol and under room 
temperature conditions for a time of the order of from 1 
to 24 hours. 20 

Finally, the alcohol is removed from the gel, and the 
latter is dried under vacuum (e.g., under a vacuum of 30 
torr), at a temperature of 1 10°C. The dried gel is finally 
fired under an oxidizing atmosphere (normally atmos- 
pheric air) at a temperature comprised within the range 2s 
of from 500 to 700°C during a time period of from 4 to 20 
hours, and preferably at 500-600°C during 6-10 hours. 

The so obtained silica-alumina gel shows a compo- 
sition which corresponds to the composition of the start- 
ing reactants, considering that the reaction yields are 30 
practically quantitative. Therefore, the molar ratio of 
Si0 2 :AI 2 0 3 will be comprised within the range of from 
30:1 to 500:1 and preferably of from 50:1 to 300:1 , with 
most preferred values being of the order of 100:1 . 

When it is analysed by powder x-ray diffractometry, 35 
this gel results to be amorphous; it displays a surface 
area of at least 500 m 2 /g and normally comprised within 
the range of from 600 to 850 m 2 /g and a pore volume of 
0.4-0.8 cm 3 /g. Finally, it was found that by means of the 
process of the present invention, the size of the pores 40 
can be controlled to be within a certain range of values, 
and in particular within the range of from 1 0 to about 20 
x 1 0* 1 0 m (10 to about 20 Angstroms) (values referred to 
pore radius), with, in particular, said pores showing a 
narrow size distribution, as it will be clearer from the 45 
experimental examples reported in the following. 

The gel obtained according to the present process 
is an active catalyst in the usual reactions of conversion 
of hydrocarbons, like light olefin isomerization and oli- 
gomerization reactions. so 

The gel is particularly useful in propylene oligomer- 
ization, to yield hydrocarbon cuts, liquid under room 
conditions, which are constituted by branched olefin oli- 
gomers useful for gasoline or jet fuel formulation. 

The following Examples are reported in order to 55 
better illustrate the invention. 



Example 1 

In this Example, the process according to the 
present invention is carried out with the following molar 
ratios of the components of the starting reaction mix- 
ture: 



- Si0 2 :AI 2 0 3 


= 100 


TPA-OH:Si0 2 


= 0.09 


- H 2 0:Si0 2 


= 15 



An amount of 4,727 g of water and 3,922 g of TPA- 
OH (tetra-propyl ammonium hydroxide; used as a solu- 
tion at 1 4% by weight in water) are charged to an auto- 
clave of 20 litres of capacity 

The solution in the autoclave is heated and when 
the temperature reaches 60°C, 120 g of AJ(OiPr) 3 (alu- 
minum isopropoxide; supplied by Fluka) is added. 

The autoclave is closed, stirring is started, and the 
reaction mixture is kept at the above temperature during 
the necessary time for aluminum compound to be com- 
pletely dissolved (about 40 minutes). Now, the tempera- 
ture of the autoclave is increased up to 90°C, and 6,250 
g of TEOS (tetra-ethyl orthosilicate) is added through a 
purposely provided valve. When addition is complete, 
the valve is closed, the temperature is adjusted at 88°C 
and the autoclave is kept under said conditions during 3 
hours. The pressure reading on the pressure gauge 
reaches the maximal value of 1 .5 bars. 

A thick liquid product is thusly obtained which, after 
being aged during approximately 12 hours, is dried 
inside a rotary dryer, under vacuum (about 60 torr) and 
is then calcined in air at 550°C for about 8 hours. 

The analysis by powder x-ray diffractometry [car- 
ried out by means of a Philips Vertical Diffractometer 
equipped with a proportional pulse counter and operat- 
ing with Cu K-a radiation (lambda = 1.54178 A)], indi- 
cates that the calcined solid product is amorphous. 

The specific surface area of said solid product [as 
determined by BET analysis by N 2 adsorption at liquid 
N 2 temperature (77°K) with a Carlo Erba Sorptomatic 
1900 apparatus] resulted to be of 656 rrrVg. 

The specific pore volume [as determined by N 2 
adsorption/desorption cycles at 77°K, using a Carlo 
Erba Sorptomatic 1900 apparatus] is of 0.473 cm 3 /g, 
with the pore size distribution being as shown in Figure 
1. 

By adopting the terms suggested by IUPAC Manual 
of Symbols and Terminology, Appendix 2, Part I Coll., 
Surface Chem. Pure Appl. Chem., SI, 578 (1972), 
according to which those pores having a diameter of 
<20 x 10" 10 m (A) are defined as "micropores" and those 
pores having a diameter comprised within the range of 
from 20 x 10" 10 m (A) to 500 x 10* 10 m (A) are defined 
as "mesopores", the solid product obtained according to 
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the present invention can be defined as being a 
"micro/mesoporous" material. 

In following Table 1 , the data are reported of cata- 
lytic activity in propylene oligomerization reaction, oper- 
ating with a WHSV (weight hourly space velocity) value 
of 4 h" 1 , and under a 35-bar pressure. 

In this Table, as well as in following tables, the term 
TO.S." means "Time On Stream", i.e., the cumulated 
run time expressed as hours, and "Conversion (%)" is 
the calculated conversion rate based on fed propylene. 



Table 1 



TO.S. 


Temperature (°C) 


Conversion (%) 


42 


140 


65 


63 


150 


67 


134 


190 


67 



Example 2 



The process is carried out by operating according 
to Example 1 , in a 5-litre autoclave, to which the follow- 
ing amounts of reactarrts are charged: 



- H 2 0 


= 1,182 g 


-- TPA-OH 


= 980 g 


- AI(OiPr) 3 


= 30 g 


- TEOS 


= 1,560 g 



The end product obtained from this test run results 
to be amorphous when analysed by powder x-ray dif- 
fractometry; it has a BET surface area of 710 m 2 /g, and 
a pore volume of 0.596 cm 3 /g. 

In following Table 2, the data are reported of cata- 
lytic activity in propylene oligomerization reaction, oper- 
ating with a WHSV value of 4 h'\ and under a 35-bar 
pressure. 



Table 2 



TO.S. 


Temperature (°C) 


Conversion (%) 


20 


120 


77 


63 


140 


77 


133 


160 


57 



Example 3 



In this Example, the process is carried out in a 1- 
litre autoclave, with the following molar ratios of the 
components of the reaction mixture: 



- Si0 2 :AI 2 0 3 


= 100 


-TPA-OH:Si0 2 


= 0.09 


- H 2 0:Si0 2 


= 15 



From 158 g of water, 131 g of TPA-OH (used an a 

to solution at 14% by weight in water) and 4 g of AI(OiPr) 3 
a solution is prepared on a heater plate at 60°C. When 
the aluminum salt is dissolved, the solution is charged 
to a 1 -litre autoclave previously thermostatted at 60°C, 
through a pin valve. 

is Now, the temperature of the solution is increased 
up to about 85°C, and, still through the pin valve, 208 g 
of TEOS is added. 

When the hydrolysis reaction is complete, the reac- 
tion mixture is kept at 82-83°C during 8 hours. The pres- 

20 sure reading on the pressure gauge reaches a peak 
value of 1 .4 bars. 

A thick liquid product is thus obtained which, after 
an approximately 12-hour ageing, is dried inside a 
rotary dryer, under vacuum (about 60 torr) and is then 

25 calcined in air at 550°C for about 8 hours. 

When analysed by powder x-ray drffractometry, the 
calcined solid product results to be amorphous; it dis- 
plays a BET specific surface area of 682 rr^/g, and a 
pore volume of 0.537 cm 3 /g. 

30 In following Table 3, the data are reported of cata- 
lytic activity in propylene oligomerization reaction, car- 
ried out by operating with a WHSV value of 4 h*\ and 
under a 35-bar pressure. 



35 

Table 3 





TO.S. 


Temperature (°C) 


Conversion (%) 




20 


150 


87 


40 


115 


150 


67 




158 


150 


60 



Example 4 

45 

In this Example, the process according to the 
present invention is carried out with the following molar 
ratios of the components of the reaction mixture: 



50 



-- Si0 2 :AI 2 0 3 


= 100 


- TPA-OH:Si0 2 


= 0.09 


- H 2 0:Si0 2 


= 15 



An amount of 302 g of water and 274 g of TPA-OH 
(used an a solution at 14% by weight in water) are 
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charged to a flask of 2 litres of capacity, equipped with a 
reflux condenser. 

When temperature reaches the value of 50-60°C, 8 
g of AI(OiPr) 3 is added. When aluminum salt is dis- 
solved, the temperature is increased up to 98°C, heat- 
ing is discontinued and 416 g of TEOS is added. When 
1 the hydrolysis reaction is complete, temperature begins 
to spontaneously decrease: now, heating is started up 
again, so as to keep the reaction mixture at the temper- 
ature of 82~83°C during 1 hour and 45 minutes. 

After being submitted to a 20-hour ageing, the prod- 
uct is discharged from the flask, is dried inside a rotary 
dryer and in a vacuum oven and is then calcined in air at 
550°C for about 8 hours. 

When analysed by powder x-ray diffractometry, the 
calcined solid product results to be amorphous; it dis- 
plays a BET specific surface area of 804 m 2 /g, and a 
specific pore volume of 0.773 cm 3 /g. The result from the 
porosimetric analysis is reported in Figure 2. 

In following Table 4 the data are reported of cata- 
lytic activity in propylene oligomer ization reaction, car- 
ried out by operating with a WHSV value of 4 h" 1 , and 
under a 35-bar pressure. 

Table 4 



T.O.S. 


Temperature (°C) 


Conversion (%) 


25 


150 


88 


54 


150 


82 


134 


150 


78 



Example 5 

In this Example, the process is carried out with the 
following molar ratios of the components of the reaction 
mixture: 



- Si0 2 :AI 2 0 3 


= 100 


» TBA-OH/Si0 2 


= 0.09 


- H 2 0:SiO 2 


= 15 



** TBA = Tetra butyl ammo- 
nium hydroxide, supplied as 
a 1 8.9 % solution, by weight, 
in water. 



The process is carried out in a reactor equipped 
with reflux condenser, by operating according to the 
same modalities as of Example 4, with the following 
amounts of reactarrts: 



10 



15 



20 



25 



30 



35 



40 



55 



- water 


= 186.5 g 


-- TBA-OH 


= 103 g 


- Al(OiPr) 3 


= 4g 


-TEOS 


= 208g 



The resulting solid product is amorphous on x-ray 
analysis; it displays a BET surface area of 837 m 2 /g and 
a pore volume of 0.737 cm 3 /g. 

Example 6 

The process is carried out in a reactor equipped 
with reflux condenser, similarly to preceding Example 4, 
with the difference that ethyl alcohol (EtOH) is added, 
previously dissolved in TEOS is added with a molar ratio 
of: 



EtOH;TEOS 



The solid product results to be amorphous on x-ray 
analysis, and shows a BET surface area of 674 rrr^/g 
and a pore volume of 0.552 cm 3 /g. 

In accompanying Figure 4 the microphotograph 
obtained by transmission electron microscope is 
reported. A regular distribution and a pore uniformity in 
sample particles are evidenced. Such an observation is 
consistent with the porosimetric analysis reported in 
accompanying Figure 3. 

From the charts reported in Figures 1-3, one will 
observe that the samples prepared according to the 
process of the present Application display an extremely 
narrow and regular distribution of pore size, with pore 
radius being of about 20 Angstrom. The presence of 
such pores is clearly visible when the product is viewed 
under transmission electron microscope (TEM). These 
pores result to be regular as regards their size, and dis- 
tributed throughout amorphous silicoalumina particles. 



45 Example 7 (Comparison Example) 

The test is run according to such modalities as dis- 
closed in US 5,049,536; by charging the reactant to a 
beaker, in the following molar proportions: 

50 



-- Si0 2 :AI 2 0 3 


= 50 


TPA-OH:Si0 2 


= 0.09 


- H 2 0:Si0 2 


= 15 



** TPA = tetrapropyl 
ammonium hydroxide, sup- 
plied as a solution at 
13.35% by weight in water. 
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An x-ray analysis amorphous solid product is 
obtained, which displays a BET surface area of 672 
rr^/g and a pore volume of 0.454 cm 3 /g. 

tn following Table 5, the data are reported of cata- 
lytic activity displayed by the product in propylene oli- 5 
gomerization reaction carried out by operating with a 
WHSV value of 4 h* 1 , and under a 35-bar pressure- 



Table 5 



T.O.S. 


Temperature (°C) 


Conversion (%) 


41 


120 


59 


162 


150 


50 


210 


170 


49 



Example 8 



In accompanying Figure 5 two life tests are com- 20 
pared, which were carried out: the first one with the 
sample from Example 4, the other one with the sample 
from Comparison Example 7. 

The characteristics and operating modalities in the 
test runs were as follows: 25 

- catalyst shape: pelletized catalyst: 

- catalyst size: 841 x m - 370 x m (20-40 mesh); 
-- reactor type: fixed bed reactor; 

~ feed: propylene/propane (70:30 by weight) mix- 30 
ture; 

reactor temperature: from 120°C to 180°C; 
-- reactor pressure: 38 bars; 

- weight hourly space velocity WHSV: 4 g of propyl- 
ene per active phase gram per hour; 35 

- total reaction time: about 240 hours. 

The tests were carried out by stepwise increasing 
the reaction temperature, by 10°C each time (about 
every 24 hours) in order to compensate for the conver- 40 
sion decrease due to catalyst deactivation. 

As one will see from Figure 5, silicoalumina from 
Example 4 ("«o«o-'' line) constitutes a catalyst with 
improved performance over silicoalumina from Compar- 
ison Example 7 ("«*--*--" line). 45 

In particular, the value of productivity (understood 
as grams of oligomer produced per each gram of active 
phase) of the catalyst from Example 4 is of 510 g/g, 
whilst for catalyst from Comparison Example 7, it is of 
400 g/g. 50 

Claims 

1. Process for preparing an amorphous, rnicro/mes- 
oporous silica-alumina gel with controlled pore size, ss 
having a surface area of at least 500 m 2 /g and with 
a molar ratio of Si0 2 :AI 2 0 3 of at least 30:1 , by start- 
ing from a tetra-alkyl ammonium hydroxide, an alu- 



10 

minum compound capable of yielding AI2O3 by 
hydrolysis (i.e.. hydrolysable to Al 2 0 3 ), and a silicon 
compound capable of yielding Si0 2 by hydrolysis 
(i.e., hydrolysable to SiCy, WHEREBY: 

-- said tetra-alkyl ammonium hydroxide is a 
tetra-(C 2 -C 6 )-alkyl ammonium hydroxide, said 
hydrolysable aluminum compound r, an alumi- 
num tri-(C2-C 4 )-alkoxide and said hydrolysable 
silicon compound is a tetra^C-i-Cs) -alkyl ortho- 
silicate, and said reactants are submitted to 
hydrolysis and gelation, by operating at a tem- 
perature equal to, or higher than, the boiling 
temperature, under atmospheric pressure, of 
any alcohols which are developed as a by- 
product from said hydrolysis reaction, without 
said alcohols being removed, or being substan- 
tially removed, from the reaction media: and 
-- the so produced gel is dried and fired. 

2. Process according to claim 1 , characterized in that 
said tetra-alkyl ammonium hydroxide is tetra-pro- 
pyh tetraisopropyl- or tetrabutyl-ammonium 
hydroxide, said aluminum trialkoxide is aluminum 
tri-propoxide and tri-isopropoxide and said tetra- 
alkyl orthosilicate is tetra-ethyl orthosilicate. 

3. Process according to claim 1 or 2, characterized in 
that an aqueous solution is prepared which con- 
tains tetra alkyl ammonium hydroxide and alumi- 
num trialkoxide and to said aqueous solution tetra 
alkyl orthosilicate is added, by operating at a lower 
temperature than the hydrolysis temperature, and 
with such amounts of the starting reactants as to 
comply with the molar ratios: Si02:AJ 2 0 3 comprised 
within the range of from 30:1 to 500:1, tetra alkyl 
ammonium hydroxide :Si0 2 comprised within the 
range of from 0.05:1 to 0.2:1 and H 2 0:Si0 2 com- 
prised within the range of from 5:1 to 40:1, and 
hydrolysis and gelation is caused by heating up to a 
temperature comprised within the range of from 
about >65°C up to about 110°C, in an autoclave 
under the autogenous system pressure, or under 
atmospheric pressure inside a reactor equipped 
with a reflux condenser. 

4. Process according to claims 1-3, characterized in 
that a free alcohol, and preferably ethanol, is added 
to the reaction mixture up to a maximal value of 
molar ratio of added alcohol:Si0 2 , of 8:1. 

5. Process according to claims 1 -4, characterized in 
that the hydrolysis/gelation time is comprised within 
the range of from 10 minutes to 3 hours, and prefer- 
ably is of the order of 1 -2 hours. 

6. Process according to claims 1-5, characterized in 
that the gel is submitted to ageing by keeping the 
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hydrolysis/gelation mixture in the presence of the 
alcohol and under room temperature conditions for 
a time of the order of from 1 to 24 hours. 

7. Process according to any of preceding claims, 
characterized in that the alcohol is removed from 
the gel, and the latter is dried by operating under 
vacuum and the dried gel is then fired urder an oxi- 
dizing atmosphere at a temperature comprised 
within the range of from 500 to 700°C during a time 
period of from 4 to 20 hours, and preferably at 500- 
600°C during 6-10 hours. 

8. Use of silica-alumina gel as obtained according to 
claims 1 to 7, in hydrocarbon conversion proc- 
esses. 

9. Use according to claim 8, in which said hydrocar- 
bon conversion process is propylene oligomeriza- 
tion. 

Patentanspruche 

1. Verfahren zur Herstellung eines amorphen mikro- 
/mesoporOsen Siliciumdioxid-AIuminiumoxid-Gels 
mit geregelter PorengrGfte, das eine Oberfiache 
von mindestens 500 m 2 /g und ein Molverhaitnis von 
Si0 2 :A) 2 0 3 von mindestens 30:1 hat, durch Ver- 
wendung eines Tetraalkylammoniumhydroxids, 
einer Aluminiumverbindung, die zur Bildung von 
Al 2 0 3 durch Hydrolyse befahigt ist (d.h. zu Al 2 0 3 
hydrolysierbar ist), und einer zur Bildung von Si0 2 
durch Hydrolyse befahigten Siliciumverbindung 
(d.h. die zu Si0 2 hydrolysierbar ist) als Ausgangs- 
materialien, wobei 

das TetraaJkylammoniumhydroxid ein Tetra- 
(C 2 -C 5 )-alkylammoniumhydroxid ist, die hydro- 
lysierbare Aluminiumverbindung ein Alumi- 
nium-tri-(C 2 -C 4 )-alkoxid ist und die 
hydrolysierbare Siliciumverbindung ein Tetra- 
(C r C 5 )-alkylorthosilicat ist, 
und die Reaktanten der Hydrolyse und Gelbil- 
dung unterworfen werden, indem bei einer 
Temperatur gearbeitet wird, die gleich der Sie- 
detemperatur unter atmospharischem Druck 
der Alkohole, die als Nebenprodukt durch die 
Hydrolysereaktion gebildet werden, oder die 
hGher als diese Temperatur ist, ohne daft diese 
Alkohole aus dem Reaktionsmedium entfernt 
Oder im wesentiichen entfernt werden und das 
so gebildete Gel getrocknet und gebrannt wird. 

2. Verfahren nach Anspruch 1 ( dadurch gekenn- 
zeichnet, daft das Tetraalkyiammoniumhydroxid 
Tetrapropyl-, Tetraisopropyl- oder Tetrabutylammo- 
niumhydroxid ist, das Aluminiumtrialkoxid Alumini- 
umtripropoxid und -triisopropoxid ist und das 
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Tetraalkylorthosilicat Tetraethylorthosilicat ist. 

3. Verfahren nach Anspruch 1 oder 2, dadurch 
gekennzeichnet, daft eine waftrige LOsung, die 

5 Tetraalkyiammoniumhydroxid und Aluminiumtrialk- 
oxid enthait, hergestellt wird und zu dieser waSri- 
gen LOsung Tetraalkylorthosilicat zugegeben wird, 
wobei bei einer niedrigeren Temperatur als die 
Hydrolysetemperatur und mit solchen Mengen der 

10 Ausgangsreaktanten gearbeitet wird, die den Mol- 
verhaitnissen Si0 2 :AI 2 0 3 im Bereich von 30:1 bis 
500:1, Tetraalkyiammoniumhydroxid :Si0 2 im 
Bereich von 0,05:1 bis 0,2:1 und H 2 0:Si0 2 im 
Bereich von 5:1 bis 40:1 entsprechen, und die 

75 Hydrolyse und Geibildung durch Erhrtzen auf eine 
Temperatur im Bereich von etwa >65°C bis etwa 
110°C in einem AutoWaven unter dem autogenen 
Druck des Systems oder unter Atmospharendruck 
in einem mit RuckfluBkuhler ausgestatteten Reak- 

20 tor bewirkt wird. 

4. Verfahren nach Anspruch 1 bis 3, dadurch gekenn- 
zeichnet, daft ein freier Alkohol, vorzugsweise 
Ethanol, dem Reaktionsgemisch bis zu einem 

25 Maximalwert des MolverhSltnisses von zugesetz- 
tem Alkohol :Si0 2 von 8:1 zugegeben wird. 

5. Verfahren nach Anspruchen 1 bis 4, dadurch 
gekennzeichnet, daft die Dauer der Hydrolyse/Gel- 

30 bildung im Bereich von 10 Minuten bis 3 Stunden 
und vorzugsweise in der GrOftenordnung von 1 bis 
2 Stunden liegt. 

6. Verfahren nach Anspruchen 1 bis 5, dadurch 
35 gekennzeichnet, daft das Gel der Alterung unter- 
worfen wird, indem das Hydrolyse/Gelbildungs- 
Gemisch in Gegenwart des Alkohols bei Raumtem- 
peratur wahrend einer Dauer in der Grfiftenord- 
nung von 1 bis 24 Stunden gehalten wird. 

40 

7. Verfahren nach einem der vorhergehenden Patent- 
anspruche, dadurch gekennzeichnet, daft der Alko- 
hol von dem Gel entfernt wird und das letztere unter 
Vakuum getrocknet wird, und daft das getrocknete 

45 Gel dann in einer oxidierenden Atmosphere bei 
einer Temperatur im Bereich von 500 bis 700° C 
wahrend einer Dauer von 4 bis 20 Stunden, vor- 
zugsweise bei 500 bis 600°C wahrend 6 bis 10 
Stunden gebrannt wird. 

50 

8. Verwendung des Siliciumdioxid-Aluminiumoxid- 
Gels, wie es nach Anspruchen 1 bis 7 erhalten wird, 
in Verfahren zur Kohlenwasserstoffumwandlung. 

55 9. Verwendung nach Anspruch 8, wobei das Kohlen- 
wasserstoffumwandlung sverfahren die Propylen- 
Oligomerisation ist. 
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Revendications 

1. Proc6d6 de preparation d'un gel de silico-alumine 
micro/mesoporeux amorphe ayant une taille de 
pores contr6lee, une surface specrfique au moins 
egale a 500 m 2 /g et un rapport molaire Si02/AI 2 0 3 
au moins egal a 30:1 , Sequel procede utilise comme 
substances de depart un hydroxyde de tetraalky- 
lammonium, un compose d'aluminium capable de 
donner par hydrolyse du Al 2 0 3 (c'est-a-dire hydro- 
lysable en Ai 2 0 3 ), et un compost de siltcium capa- 
ble de donner par hydrolyse du Si0 2 (c'est-a-dire 
hydrolysable en SiCy, dans lequel 

ledit hydroxyde de tetra-alkylammoni urn est un 
hydroxyde de tetra-(alkyle en C 2 . 5 )-ammo- 
nium, ledit compose d'aluminium hydrolysable 
est un tri-(alkyiate en C^) d'aluminium et ledit 
compose de silicium hydrolysable est un tetra- 
(alkyle en C-j.^-orthosilicate, et lesdits reactifs 
sorrt soumis a une hydrolyse et une gelrfication 
a une temperature superieure ou 6gale a la 
temperature d' ebullition a pression atmospheri- 
que de n'importe lequel des alcools qui se tor- 
ment en tarrt que produits secondares lors de 
ladrte reaction d'hydrolyse, sans que lesdits 
alcools soient elimines, ou 6li mines de maniere 
notable, du milieu reactionnel, et 
- le gel ainsi produrt est seche et curt. 

2. Proceed conforme a la revendication 1 , caracterise 
en ce que ledit hydroxyde de tetra-alkylammonium 
est Thydroxyde de tetrapropylammonium, de tetrai- 
sopropylammonium ou de tetrabutylammonium, 
ledit trialkylate d'aluminium est du tripropylate d'alu- 
minium ou du tri-isopropylate d'aluminium et ledit 
tetra-alkylorthosilicate est le tetraethylorthosilicate. 

3. Procede conforme a la revendication 1 ou 2, carac- 
terise en ce que Ton prepare une solution aqueuse 
contenant de Thydroxyde de tetraalkylammonium et 
du trialkylate cf aluminium et en ce que Ton ajoute a 
ladite solution aqueuse du tetra-alkylorthosilicate 
en operant a une temperature inferieure a la tempe- 
rature d'hydrolyse et avec des quantrtes de reactifs 
de depart telles que le rapport molaire Si0 2 :AI 2 0 3 
sort compris dans rintervalle allant de 30:1 a 500:1 , 
le rapport molaire hydroxyde de tetra-alkyiammo- 
nium:Si0 2 soit compris dans rintervalle allant de 
0,05:1 a 0,2:1 et le rapport molaire H 2 0:Si0 2 sort 
compris dans rintervalle allant de 5:1 a 40:1 , et en 
ce que Ton effectue I'hydrolyse et la gelrfication par 
chauffage a une temperature comprise dans rinter- 
valle allant d'environ >65 °C a environ 1 1 0 °C, dans 
un autoclave a la pression autogene du systeme, 
ou a pression atmosph6rique a I'interieur d'un reac- 
teur muni d'un condensateur a reflux. 



4. Proc6d6 conforme a la revendication 1 a 3, caracte- 
rise en ce que I'on ajoute au melange reactionnel 
I'alcool libre, et de preference rethanol, jusqu'a une 
valeur maximale du rapport molaire alcool 

5 ajoute:Si0 2 6gale & 8:1 . 

5. Procede conforme aux revendications 1 a 4, carac- 
terise en ce que la duree d'hydrolyse/geiification 
est comprise dans rintervalle allant de 1 0 minutes a 

io 3 heures, et est de preference de I'ordre d'une a 
deux heures. 

6. Procede conforme aux revendications 1 a 5, carac- 
terise en ce que I'on soumet le gel a un 

75 vieillissement en maintenant le melange d'hydro- 
lyse/geiification en presence de I'alcool et a la tem- 
perature ambiante pendant une duree de I'ordre de 
1 a 24 heures. 

20 7. Proc6de conforme a I'une quelconque des revendi- 
cations precedences, caracterise en ce que I'on 6ii- 
mine I'alcool du gel, en ce que I'on seche ce dernier 
en operant sous vide et en ce que I'on curt ensuite 
le gel seche dans une atmosphere oxydante a une 
25 temperature comprise dans rintervalle allant de 
500 a 700 °C pendant une duree comprise entre 4 
et 20 heures, et de preference a 500 - 600 °C pen- 
dant 6 a 1 0 heures. 

30 8. Utilisation du gel de silico-alumine obtenu confor- 
memerrt aux revendications 1 a 7 dans un proc6d6 
de conversion d'hydrocarbures. 

9. Utilisation conforme a la revendication 8 dans 
35 lequel ledit procede de conversion d'hydrocarbures 
est roligomerisation de propylene. 
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